Abstract-In this paper, an efficient superposition coding with adaptive modulation and coding (SP-AMC) system, for the optimal system performance, is proposed. The proposed SP-AMC system switches its modulation and coding scheme (MCS) adaptively in order to select the suitable modulation order and coding rate that are best match with the instantaneous channel condition. Hence, better performances in both data rate and error probability can be attained. Moreover, the source data is divided into a number of different priority layers with different importance. The bit streams of these layers are then encoded and modulated individually with different unequal error protection (UEP) levels against channel corruption. The highest UEP level is assigned to the highest priority layer which has the highest effect on the reception quality, and vice versa. The modulated bit streams of all layers are then superimposed together and transmitted over Rayleigh fading channel. At the receiver side, a multi-stage decoding (MSD) receiver is used to reconstruct the source data by applying the ordered successive interference cancellation (O-SIC) technique, which demodulates the layers according to the order of their priorities.
INTRODUCTION
The demands for video and image communication services, as well as digital video broadcasting (DVB) have encouraged researchers to find more feasible transmission and detection techniques. The main objective of most techniques is to find reliable and effective real-time visual communication under various wireless channel conditions without requiring extra resources such as power and bandwidth [1] - [3] . Moreover, the wireless real-time video and image transmissions usually have strict constraints on data loss and transmission delay requirements, which must be met. This makes the transmission in wireless communications systems even more challenging compared to wired networks.
A high quality reception of visual data would be preserved if a larger portion of the available resources is allocated to the most important visual data layer. As an illustration examine the scenario of making a video call such as real time video conferencing. Here, the face of the user is usually captured in the foreground which commonly represents the high important (HI) data layer, while the background scene represents the low important (LI) data layer [4] . In order to optimise the QoS, the HI data must be sent with more reliability compared to the LI data. Over the last decade, many schemes for error control on the visual data in wireless communication systems have been emerged, which one of the most promising scheme is being the unequal error protection (UEP) scheme. In UEP scheme, the visual data are divided into several layers in the order of their importance. Different portions of the available resources are then assigned to these layers, i.e. the best portion of the available resources is assigned to the most important visual data layer and vice versa. For instance, in [5] a modified rateless code to provide UEP with unequal recovery time (URT) properties is proposed. Different bit rates are provided by using URT to the different important bit streams. This modified rateless code achieves a low bit error rate (BER) in the HI bit stream at the cost of subtle degradation in the LI bit stream performance. Only one level of protection is provided to the HI bit stream as compared to LI bit stream in coding stage. Thus, this proposed UEP scheme with the URT property can be applied to video streaming for recovery of successive data. Visual communications of layered data over multi-input multioutput (MIMO) wireless channel scheme have been proposed in [6] . The multi-visual data layers are transmitted over multiresolution sub-channels in order to implement UEP technique. In [7] , an AMC scheme is proposed to improve the performance of the WiMAX systems based on orthogonal frequency division multiple access (OFDMA). This scheme sends the visual data as one layer with an equal error protection (EEP) and suffer from either low data rate or/and low reliability when the channel is in worst conditions. In this paper, an efficient modulation and coding (AMC) technique which use superposition coding (SP-AMC), for realtime visual data transmission over wireless fading channel is proposed. The objective of the proposed SP-AMC system is to provide a reliable reception quality, even under worst channel conditions by exploiting the layered nature of visual data and instantaneous CSI. Unlike the traditional AMC schemes, the SP-AMC scheme send different visual data layer over singleinput single-output (SISO) wireless channel with different protection levels in adaptive manner based on the level of received SNR. Based on the instantaneous CSI, the proposed system switches the coding rate and modulation order of its mode to the best match with instantaneous channel condition. The decision as to which MCS will be selected is based on the CSI signal. The received SNR range is partitioned into multiple regions using a set of threshold values. These SNR threshold values are set based on target BER (BER target ) of specific application. Thus, the MCS of the proposed SP-AMC system is switched to maintain the BER of the system to be below the BER target in accordance with the SNR range in which the current SNR resides. The rest of the paper is organized as follows. In Section II, the system design of the proposed SP-AMC scheme is presented, while the performance evaluation of the proposed 2nd -5th October 2011 | Sutera Harbour Resort, Kota Kinabalu, Sabah, Malaysia 978-1-4577-0390-4/11/$26.00 ©2011 IEEE SP-AMC system is discussed in Section III. We conclude the paper in Section IV.
II. SUPERPOSITION ADAPTIVE MODULATION AND CODING (SP-AMC) SYSTEM DESIGN
The block diagram of proposed SP-AMC system is shown in Figure 1 . The transmitter switches its MCS adaptively in order to get better match to the channel conditions. The visual data are then transmitted over Rayleigh fading channel with impulse response h. The channel estimation here is assumed to be perfect, and is known by both transmitter and receiver [8] - [9] . The transmitted signal is also subjected by AWGN, n with zero mean and variance N 0 /2. The adaptive MSD receiver is synchronized with the transmitter.
In the splitting of stage Figure 1 , the source data is divided into high priority (HP) and low priority (LP) bit streams, x hp and x lp respectively. Both x hp and x lp are encoded and modulated with an adaptive MCS which is matched with the instantaneous channel conditions. In the encoding stage, these bit streams are encoded with an adaptive FEC code to generate the HP and LP codewords, v hp and v lp . These v hp and v lp codewords are then modulated with adaptive modulation order and UEP levels against error transmission. The UEP levels are provided to the v hp and v lp codewords by assigning different power fractions, of available total transmitted power, P respectively. Thereby, the amount of power that are used in the HP and LP modulators, P hp and P lp are given as
where (2) and 1 In order to provide higher protection to the HP data layer against the channel corruption than the LP data layer, a different power fractions condition of is imposed. Thus, the modulated signals of the HP and LP modulators, s hp and s ip is given as 
The signal s is sent through the Rayleigh fading channel with AWGN. Hence, at the front end of the adaptive MSD receiver, the received signal can be given as (6) where h is a sequence of the Rayleigh fading channel impulse response. We assume that h is perfectly known to both transmitter and receiver, and n is a sequence of independent identically distributed (i.i.d.) Gaussian noise with zero mean and variance N 0 /2. The MSD receiver will decode the data of each layer with a particular stage, thus the number of stages is equal to the number of data layers in the system. The MSD receiver will be notified on the current MCS by the synchronous mode signal (SMS). It uses this notification to select a FEC decoder and demodulation technique synchronously with the transmitter. Since there are two data layers (HP and LP) in the system, the received signal will be decoded by means of a two-stage MSD receiver and the O-SIC technique. In the first stage, this adaptive receiver will recover the HP bit stream from the received signal, r by using maximum likelihood decision (MLD) criterion while the signal of the LP bit stream is treated as Gaussian interference. Hence, the recovered HP codeword, will be reconstructed by demodulating the received signal, r from two decision regions, Z 1 and Z 2 which are given as :
such that the demodulated HP codeword, becomes
Then, this codeword is decoded with the adaptive FEC code to recover the HP bit stream, . In the second stage of the MSD receiver, the HP fraction power of is known such that the HP modulated signal, ̂ can be reconstructed as ) where is generated in the first stage. This ̂ signal is then subtracted from the received signal, r by using the O-SIC technique to generate the w signal which is given as ̂ (10)
The w signal is then demodulated to recover the LP codeword, when there is only the background Gaussian noise left in the system. In this demodulation stage, a MLD criterion is used with two decision regions, Z 3 and Z 4 given as
such that the demodulated LP codeword, becomes
This codeword is then fed through the LP decoder to recover the LP bit stream, with the same adaptive FEC code used in the HP decoder. Finally, in the combining stage of the adaptive MSD receiver, the recovered bit streams, and are combined to reconstruct the transmitted data source, which is given by (13) Without loss of generality and for high spectral efficiency transmission, the proposed SP-AMC system will operates in one of the three modes; GCM, BCM, or WGM depending on the received SNR.
A. Good channel mode (GCM)
In GCM, the LP branches in both transmitter and receiver sides are set as active branches by the input controller blocks. In this way, both x hp and x lp bit streams will be encoded by a FEC code with high information and low redundant bits, C h to generate the v hp and v lp codewords respectively. These v hp and v lp codewords are then modulated with different UEP levels or power fractions, and of the total transmitted power, P as and , respectively, as described in (4). The constellations mapping for these and modulated signals in GCM are shown in Figure 2 . These signals are then superimposed together in the last stage of the adaptive transmitter in order to construct the transmitted signal, s as described in (5) . Thus, the GCM transmitted signal has a constellation mapping, as similar to four-quadrature amplitude modulation (4-QAM) technique as shown in Figure  3 . This signal is then sent to the receiver over Rayleigh fading channel and the received signal, r is given as (14) At the receiver side, r signal is demodulated by using the MLD criterion to recover the HP and LP codewords, and as described in (9) and (13) respectively. Both and as codewords are then decoded with the C h FEC code to reconstruct the HP and LP bit streams, and . Finally, these bit streams are combined to reconstruct the data source, by using (14).
B. Bad channel mode (BCM)
Similar to GCM, the LP branches at both the transmitter and receiver sides are set as active branches in the BCM by the input controller blocks. The BCM is chosen by the CFA when the CSI signal shows the SNR of the received signal placed between the designed SNR thresholds of SNR 1 and SNR 2 (i.e., SNR 1 > SNR > SNR 2 ) where SNR 1 > SNR 2 . All system design in BCM system blocks, together with its signal constellations are similar to the GCM system design in both transmitter and receiver sides except that a more robust MCS will be selected as compared to the GCM. In this way, both x hp and x lp bit streams will be encoded with more robust FEC code, C l against the channel degradation to generate the v hp and v lp codewords respectively.
C. Worst channel mode (WCM)
In WCM only the data of the HP layer is transmitted to exploit the available resources. In other words, a MCS with low order modulation will be selected. Hence, the LP branches at the transmitter and receiver sides are set in idle mode. In this case, the HP bit stream, x hp will be encoded by using the C h FEC code to construct the v hp codeword. This v hp codeword is then modulated by exploiting the total available transmitted power, P as modulated signal of s hp with the constellation mapping as shown in Figure 4 . This figure is taken from Figure  3 as a reference where the 1 and 0 since 1. The constellation mapping of the HP bit stream, consists of two symbols and is similar to that of the WGM transmitted signal, S WCM as shown in Figure 4 . In this way, the transmitted signal, s consists of only the HP modulated signal, as
At the front end age of the receiver, the received sequence, r is given as (16) Since only the HP branch remains as an active branch in the system, only the first stage of the adaptive MSD receiver is used to demodulate the received signal, r by using the MLD criterion to recover the HP codeword, as mentioned in Equation (9) . This codeword is then decoded with FEC C h code to reconstruct the HP bit stream, and at the same time recover the transmitted data source, where there is only the background Gaussian noise left in the system while there is no interference from the LP bit stream. Therefore, the signal is given as (17)
Since the HP bit stream, x hp carries the most important data, and the LP bit stream, x lp carries the least important data, there will be no transmission of the LP data layer in WCM which gives only slight effects on the reception quality. Therefore, the entire available resources are assigned to transmit the HP data layer such that it will continue to maintain data reception of this layer.
III. PERFORMANCE EVALUATIONS OF THE PROPOSED SP-AMC SYSTEM
The visual data are divided equally into HP and LP bit streams, x hp and x lp . Both streams are encoded and modulated with different robust MCSs in order to obtain better match with the instantaneous channel conditions such that in order to maintain the BER of the system below the BER target level (BER target ) level. Through the simulations, four power fraction pair of and , are used to modulate the HP and LP bit streams respectively as (0.6 , 0.4), (0.8 , 0.2), and (0.9 , 0.1), and (1 , 0). These power fraction pairs are used in both GCM and BCM. In the WCM, only the HP bit stream is sent and hence, the power fraction pair (1, 0) is employed. The simulations have been performed on MATLAB simulator. Assume that the visual data are assumed to be transmitted over Rayleigh fading channel with AWGN, n with zero mean and variance N 0 /2. Also the channel is assumed well known at both transmitter and receiver and is considered constant during transmission for at least two successive symbols. All system models are evaluated under the assumption of a BER target level of 10 . Without loss of generality, let the FECs, C h and C l represents Hamming codes with (15, 11) and (7, 4) coding degrees respectively for simulation purposes
A. Performance Evaluation of GCM
The template is designed so that author affiliations are not repeated each time for multiple authors of the same affiliation. Please keep your affiliations as succinct as possible (for example, do not differentiate among departments of the same organization). This template was designed for two affiliations. In GCM, both HP and LP bit streams are encoded and decoded with FEC C h code. The superposition coding for the HP and LP bit streams with UEP technique is performed with different power fractions of P. Figure 5 shows the BER curves for the HP and LP data layers in GCM. In this figure the BER performance of the proposed SP-AMC system are presented in three different UEP scenarios. Let the power fraction pair, , of these UEP scenarios are (0.6, 0.4), (0.8, 0.2), and (0.9, 0.1). The results show that HP and LP data layers depict closely similar performance at the UEP scenario of (0.6, 0.4). In contrast, in both UEP of (0.8, 0.2) and (0.9, 0.1) scenarios, the curve of the HP data layer outperforms the LP data layer with 5 dB and 12 dB SNR gains respectively. In the other word, the HP data layer performance is proportional with its transmitted power fraction. Figure 6 illustrates the BER performances in term of overall (HP + LP) data system in the three different UEP scenarios or power fraction pair of (0.6, 0.4), (0.8, 0.2), and (0.9, 0.1) where the traditional BPSK and 4-PAM are taken as references. This figure shows that for the proposed SP-AMC scheme, a better performance for the overall data system can be obtained at the UEP scenario of (0.8, 0.2) where the transmitted signal has uniform constellation. This overall data system performance curve outperforms the traditional BPSK and 4-PAM with 9 dB and 12 dB SNR gain respectively, at BER level of 10 -4 . Figure 6 . The BER of overall system data in the GCM for three UEP scenarios over Rayleigh fading channel.
The transmitted symbols of the superimposed signal, s in such UEP pair will take one of the following four different amplitudes based on the constellation shown in Figure 3 .
Each of these symbols conveys two bits and the minimum distance between neighbouring symbols will be 0.8944 √ . From Figure 5 and Figure 6 , we can see that the tradeoffs among the HP layer, LP layer, and overall data performance can be achieved in a flexible manner by adjusting the power fractions allocations of the data layers. Therefore, these power fractions must be chosen carefully in the transmitter side to satisfy the system design requirements.
B. Evaluation of BCM performances
In contrast to GCM, a higher immunity FEC code, C l against channel corruption will be used in BCM for encoding and decoding stages of both HP and LP branches rather than the C h FEC code. The transmission and reception procedures as well as the signals constellations of this mode are similar to GCM. The BER performances in BCM for both HP and LP data layers are compared from the same UEP scenarios as in GCM and the results of these BER performance are illustrated in Figure 7 . As was mentioned in previous section, the HP data layer performance is proportional with its associated transmission power fraction. Thus, the figure shows that both HP and LP data layers illustrate closely similar performance in the UEP scenario of (0.6 , 0.4). In contrast, the HP layer outperforms the LP layer in both (0.8 , 0.2) and (0.9 , 0.1) UEP scenarios with 5 dB and 12 dB SNR gains respectively at BER level of 10 Figure 8 illustrates the BER performance of the overall data system in BCM in the three different UEP scenarios. As expected, a better overall data performance is obtained with the uniform constellation mapping of the transmitted signal, s at (0.8 , 0.2) UEP scenario compared with others two scenarios. In this scenario, the overall data system of the proposed SP-AMC system outperforms both the traditional BPSK and 4-PAM with 11 dB and 14 dB SNR gain at BER level of 10 -4 .
By changing the power fraction allocation scenario, both Figure 7 and Figure 8 show flexible tradeoffs among the performance of different priority layers and average or overall data system can be achieved. Therefore, in order to achieve the desired performance, the values of these power fractions in the transmitter side must be carefully chosen.
C. Evaluation of WCM performances
In the proposed SP-AMC system, the highest protection scheme against transmission errors will be selected to address the degradation in the link quality when the system is switched from GCM or BCM to the WGM. The MCS in the WCM provides three level of protection for the HP data layer. The first level is provided by assigning the entire available bandwidth for sending the data to this layer. At the encoding stage, a highly robust FEC code, C l is used to encode the HP bit stream, x hp in order to provide the second level of protection. Finally, the third level of protection is provided by using the total transmission power to modulate the HP bit stream. Figure 9 shows the BER performance for sending the HP data layer and overall data in the WCM. In this figure, a UEP power fraction pair, , is assigned as (1 , 0) . In other words, only the HP data will be modulated, transmitted, and demodulated. Thus, the constellation mapping of the transmitted signal, s consist of only two symbols as shown in Figure 4 . The result in Figure 9 shows the BER performance of the HP data layer which is similar to that of overall data system. Figure 10 shows the BER performance comparisons of the proposed SP-AMC system in the overall data system transmission from the GCM, BCM, and WCM as well as those in the traditional BPSK, 4-PAM, and 8-PAM schemes. Since only the HP data layer is being processed, the WCM outperforms both BCM and GCM with SNR gains of 7.5 dB and 9.5 dB respectively at BER level of 10 -4 . Also, it outperforms the BPSK, 4-PAM, and 8-PAM conventional schemes with SNR gains of 19 dB, 22 dB, and 25.5 dB respectively. As indicated in the figure, the SNR 1 and SNR 2 threshold values can be determined as 25.2 dB and 23 dB respectively at BER target level of 10 -4 .
A summary of the performance comparisons of the proposed SPC-AMC scheme in GCM, BCM, and WCM as well as of the traditional BPSK scheme is given in Table I . In the proposed SP-AMC scheme, two bits per symbol are transmitted in both GGM and BCM as similar to the traditional 4-PAM scheme, while one bit is conveyed per each transmitted symbol in both WCM and BPSK scheme. Basically, in this table, the net data rate is determined as It can be deduced that in both GGM and BCM, the proposed SP-AMC scheme provides 8.5 dB and 10.5 dB SNR gains as well as 46 % and 14 % increases in the net data rate respectively compared with the conventional BPSK technique with similar power constraints. It is also noted that the proposed SP-AMC scheme provides 19 dB SNR gain in WCM as compared with the BPSK scheme with only 26 % degradation in the net data rate. Simulation results illustrate that flexible tradeoffs in terms of performance improvement between the HP and LP data layers as well as the overall (HP + LP) data system can be achieved by adjusting the layers' modulation power fractions. Finally, a better BER performance for the overall data system can be obtained when the superimposed signal transmission has a uniform constellation.
IV. CONCLUSIONS
Visual data transmission in real-time wireless communication systems with high reliability and QoS is one of the most interesting aspects for the next generation of wireless communication systems. This paper presents an AMC scheme with superposition coding, called SP-AMC scheme. This scheme provides UEP levels against the transmission errors for different important visual data layers. The visual data is divided into two different priority layers with different importance. Most of available resources with the higher protection level are assigned to the higher priority data layer, and vice versa. The proposed SP-AMC system aims to achieve the most suitable MCS with the instantaneous channel conditions in order to maximize the transmission reliability. Also, it means to provide more guaranteed reception of the higher priority data layer even at the worst channel conditions without expense extra resources. To satisfy these aims three operating modes: GCM, BGM, and WCM are presented. Through these modes, a flexible adaptation of both data rate and BER performance as a function of channel conditions was presented. The results show that the proposed SP-AMC scheme achieves significant SNR gain for higher priority data over the least priority data. Also, the results shown that the proposed scheme promises up to 46% data rate increase compared to the traditional single layer and fixed data rate BPSK transmission scheme with SNR gain up to 18 dB at BER of 10 -4 . 
